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RESULTS
In preliminary experiments, a constant infusion of radio-labeled glucose was given into the maternal circulation to determine the time required for the establishment of a constant glucose specific activity in maternal plasma. The plateau was reached in approximately 1 h (Fig. 1) . Thus, for the constant infusion technique, 1 h was taken as an appropriate time to begin sampling. In all experiments, the plateau specific activity was maintained between 60-105 min after the beginning of the labeled glucose infusion. Blood glucose concentration remained constant during each experiment, although the absolute value of the blood glucose between animals fell linearly with gestation (r = 0.64, P < 0.01), as previously reported (19) . Blood glucose fell from 6.0 mM at 40 days gestation to 4.5 mM at term.
Using a constant infusion of [3H]-6-glucose ( Fig. 2A) , nonpregnant animals demonstrated a glucose turnover rate of 6.95 + 1.03 mg-min-I. Over the limited range in weight of nonpregnant animals studied, there was no significant correlation between weight and GTR. In the pregnant animals, there was a progressive increase of glucose turnover during the period from midgestation (33 days) until term (63 days). A similar relationship between maternal GTR and gestational age was obtained with ['4C]-glucose although the absolute rates in individual animals were lower. At term, the GTR is approximately 2-fold higher than that in the nonpregnant female. If glucose turnover rate is expressed per unit body weight, the turnover rate did not change significantly (12.1 f 0.4 mg-min-'. kg-') over the gestation range studied (Fig. 2B) , and was not significantly hi her than the rate of nonpregnant (Fig. 3) . As with GTR, the metabolic clearance of glucose expressed as ml.min-' increased with gestational age ( r = 0.61, P < 0.05) and exceeded the clearance in nonpregnant animals after 50 days of gestation (Fig. 4A) . The clearance in nonpregnant animals was 7.5 f 0.9 ml.min-' and in pregnant animals >50 days gestation was 11.2 f 1.2 ml.min-' ( P < 0.025). If the clearance is expressed per kg of body weight (Fig. 4B) , there was no difference in nonpregnant and pregnant animals, i. e., 1 1.3 f 1.6 and 11.3 f 0.5 ml-min-'-kg-' respectively. However, in the pregnant animal it increases slightly from the 40th day of gestation until term, reflecting the decreasing glucose concentration with advancing gestation. and 100 x (turnover rates of 6-[3H]-glucose minus U-['4C]-glucose + (turnover &PHI (-----) .
rate of 6-["HI-glucose).
Fig. 4 . Metabolic clearance of glucose in pregnant guinea pigs at different stages of gestation (0) and in non-pregnant animals (0). The value in non-pregnant guinea pigs is a mean k S.E. of seven animals.
DISCUSSION
In the fed pregnant guinea pig, blood glucose concentration falls during late gestation to levels significantly lower than in fed nonpregnant animals (19) . Bergman and Sellers (3) have shown that the guinea pig develops very low glucose concentrations after brief periods of starvation. A similar phenomenon has been described in the rat (6). This "accelerated starvation" has been ascribed to the presence of the fetal tissue mass which has been regarded as the site of a relatively high rate of glucose utilization. To our knowledge there are no previous data concerning glucose turnover during pregnancy in unanesthetized, chronically catheterized small mammals. Atkins (1) reported studies of glucose turnover in nonpregnant rabbits free of anesthetic and surgical stress; however, the animals were not chronically catheterized. In the guinea pig, Wolfe et al. (20) (21) (22) have reported a glucose turnover rate of 5-6 mg . min-' -kg-' in conscious, unrestrained male guinea pigs fasted for 24 h. In that study the animals were studied within 24 h of surgery with measured glucose concentrations much higher than in the current study, perhaps reflecting operative stress (19) . In anesthetized, ventilated male guinea pigs, Freminet and LeClerc (7) found no difference in glucose turnover rate in the fed state (9 mg. min-' . kg-') or after a 48 h fast (7.5 mg.
min-'. kg-'). The differences in experimental procedure may account for the discrepancies between the two studies. On the one hand, Wolfe et al. allowed a relatively brief time (1 day) for recovery from the stress of surgery. On the other hand Freminet and LeClerc studied anesthetized, artificially ventilated animals. Previous work from our laboratories has shown that a minimum of 3 days is required after surgery for recovery of normal food intake and normal arterial substrate concentrations (19) .
The guinea pig represents a unique biologic system for mammalian reproduction. First of all, the species has a long gestational length (67 days), given the size of the adult animal. In addition, the total fetal mass produced in the guinea pig is unequalled among mammals with the exception of the smaller bats (15) . The total fetal mass at term may equal 30-60% of the prepregnant weight. This depends, in large part, upon the litter size (12) , which averages three to four fetuses per litter and varies between one to seven fetuses. Furthermore, an averag pregnant animal gains -13.3 g-d-' in total weight (19) . At an average fetal weight ain F of -3 g-d-' (12), growth of four fetuses represents 12 g. d-, or 80-90% of the total weight increase (12) . Given the enormous fetal mass produced per unit weight of mother, the guinea pig provides an excellent species for studies of the metabolic demand placed upon the mother by pregnancy.
Even in the large mammals, where chronic catheterizations have been successfully carried out for some years, there are comparatively few data on glucose turnover rate in pregnancy. As in the present study, Kalhan et al. (14) found no difference in the GTR per kg body weight of pregnant and nonpregnant women. In man, the fetal mass represents -6% of maternal prepregnancy weight. Several reports have described an increase in GTR per kg body weight for both fed and fasted pregnant rats studied under anesthesia (8, 16, 18) . The present study demonstrates that the glucose turnover rate (mg/min) increases fairly linearly during gestation from the 32nd day until term. At first glance this may not appear surprising because we have previously shown a highly significant linear relationship between gestational age and mean maternal weight with an average daily weight gain of 13.3 g per day (19) . However, the total fetal mass is.growing rapidly, increasing from approximately 40 g for a litter size of four at 40 days gestation, to a total fetal mass of approximately 260 g for the same litter size at 60 days. Thus, most of the weight gain of the mother is not represented by maternal tissues, but by fetal tissues. Despite this large increase in fetal mass, Figure 2B demonstrates that the weight specific glucose turnover rate remained fairly constant during pregnancy. A 4-fold higher fetal GTR-kg-' compared to the maternal GTR has been reported for other mammalian species (9) . If this were true for the 300-400 g of fetal guinea pig tissues at term, the maternal weight specific GTR would have increased to 18-22 mg . kg-'. min-', assuming the GTR of maternal tissues remained constant. Since the weight specific GTR did not increase (Fig. 2B) , it is unlikely that the GTR in the guinea pig fetus is 4-fold higher than the maternal GTR.
We have shown that, compared to the nonpregnant females, there is an increased glucose clearance (ml/min) in the late pregnant guinea pig and that this occurs in the presence of a lower glucose concentration. A similar conclusion can be deduced from the data published by Bergman (4) in the sheep and by Kalhan (14) in man. However, the effects of pregnancy and advancing gestation upon both glucose turnover and clearance should be further investigated by serial measurements in the same animal where interanimal differences in litter size and maternal metabolism are avoided.
Previously it has been pointed out that 0 2 consumption of mammalian fetuses does not follow the 3/4 power of body weight (2). Moll, et al. (17) have demonstrated this for the guinea pig by indirect estimates of fetal O2 consumption. The present study on glucose turnover and Moll's study on 0 2 consumption suggest that the fetal consumption rates for both oxygen and glucose may be lower than expected per kilogram body weight by comparison to the weight specific rates in postnatal life. This hypothesis needs careful investigation.
Finally, the observations that glucose recycling increases with advancing gestation could reflect a change in maternal metabolism that would have a glucose sparing effect as the requirements of the conceptus increase. Alternately, the increased recycling may reflect a characteristic of fetal metabolism and become evident in the total glucose turnover in the mother only as the total fetal mass increases. This latter hypothesis is consistent with data obtained on carbon recycling in the fetal lamb where measurements of glucose turnover rates with [3~]-glucose and ['4~]-glucose have been made directly in both the fetuses (10) and the mother (10, 13) . These studies have demonstrated that the turnover rates in the adult sheep determined with either ["CI-or tritiated glucose are identical, whereas, in the fetal lamb, the tritiated glucose turnover rate is significantly higher than that estimated with [I4C]
-glucose (1 0).
